Summary
In structural heterozygotes for the T3-6 chromosomal interchange in pearl millet, the percent pollen fertility correlated with percent seed set. The duplicate-deficient (dp/df) microspores degenerated at binucleate stage. endosperm. These abnormalities could be due to the dp/df condition of the embryo sacs-the two kinds representing the two types of dp/df products formed in the interchange heterozygote. The difference in tolerance of the dp/df condition on the male and female sides is attributed to a) the (programmed) difference in the control of gametophyte development in the two sexes, and b) the existence of competition among the (three) microspore categories (normal, dp/df of one kind and dp/df of another kind) as opposed to the non-competitive aspect of megaspore development (which ever is the category). mosomal region involved. Transmission of deleterious genetic condition to the next generation via the pollen is thus incidentally blocked. This beneficial effect of pollen selection is however diluted due to the absence of such a rigid selection on the female side. Deleterious genotypes and chromosomal aberrations that are occasionally transmitted to the offspring are most often carried through the female gamete (Khush 1973 , Sybenga 1992 . The extent to which dp/df condition affects female gametophyte development or function in comparison to the male gametophyte has not been analysed in almost all cases of the chromosomal interchanges studied in plants. There is a recent report (Ray et al. 1997 ) of the study of the female gametophyte in an interchange heterozygote of Arabidopsis thalliana. We have developed a technique of easy dissection of the embryo sac in pearl millet. We investigated the structure and functional ability of the female gametophytes in a structural heterozygote of the well characterized T3-6 interchange (Koduru and Krishna Rao 1984 , Uma Devi et al. 1996 of pearl millet. Approximately 50% of the microspores in the T3-6 interchange heterozygote of pearl millet degenerate after one pollen mitosis i.e. at the binucleate stage ( Fig. 2a) and appear as ghosts in squashes made from mature anthers. These are assumed to be dp/df (Adiseshiah 1995) . The percent pollen fertility correlated with the percent seed set in this interchange heterozygote in many genetic backgrounds (Koduru 1979) . This indicates that dp/df products are formed in the same frequency on the male and female sides in the T3-6 interchange heterozygote. At what stage the female gametophyte development/function is affected by dp/df condition in the megaspores in this interchange heterozygote was investigated.
Material and methods
To get a population of plants heterozygous for the T3-6 interchange, a cross was made between the semidwarf T3-6 interchange homozygote line IP 12781 and a genic male sterile segregant of a normal disomic inbred line Vg272. Eighty plants from the crossed seed were raised. Five of these plants picked at random possessed interchange multiples in pollen mother cells at diakinesis; the sample of 80 plants is thus taken to be a group of interchange heterozygotes.
To study the structure and functional competence of the female gametophytes in the interchange heterozygote, ears were fixed at five developmental stages. Bagged ears with styles fully emerged and ready for pollination were fixed to represent pre-pollination stage. For post pollination developmental stages, ears were artificially pollinated with fertile pollen from the disomic inbred Vg272. They were fixed post pollination at 24 hr intervals up to 96 hap to represent four developmental stages at 24, 48, 72 and 96 hap. Chromosome complement (with respect to the chromosomes that were involved in the interchange) of the normal and interchange heterozygote individuals and the dp/df meiotic spores. 
Results
In the ears fixed prior to pollination, each of the ovules dissected did have an embryo sac. Visually, (at stereo-and compound microscope level) these embryo sacs were comparable to those in disomic lines (Fig. 2b) , they had a well developed egg apparatus with a starch rich egg cell, prominently stained polar nuclei (Fig. 2c, d ) and a cluster of antipodal cells. However, seed set in the interchange heterozygote was low. It ranged between 33 to 52% as is expected from the chromosomal aberration. Therefore, in each of the four post pollination samples collected at 24 hr intervals, the embryo sacs' were examined to see if any visual indication(s) of functional inadequancy existed. Kumari 1981 Kumari , 1985 . Table 1 . Post pollination development in the T(3-6) interchange heterozygote of pearl millet hap=hours after pollination. * Values calculated from observations in 250 ovules, all ovules had a structurally normal looking embryo sac. Table 2 . Rate of endosperm and embryo development in the T(3-6) interchange heterozygote of pearl millet hap=Hours after pollination. * Values estimated in sib crosses of the T(3-6) interchange homozygote by Krishna Rao and Aswani Kumari (1985) . ** Values not calculated because synchrony in cell division is lost. t Calculated from 10 ovules. to the dp/df condition between the two sexes could be due to the following reasons.
The microspore expresses its own genes rather than the phenotype of the parent (Walden and Greyson 1986) . Intense gene activity has been observed in the pollen (Mascarenhas et al. 1986 , Sari Gorla et al. 1986 , Mulcahy 1987 ). Therefore, it is possible that microspores with dp/df chromoso- (Walden and Greyson 1986 , Janse 1987 , Niizeki and Saito 1988 . In Arabidopsis thalliana the dp/df megaspores of a translocation (involving chromosomes 2 and 5) heterozygote failed to develop into embryo sacs.
In the dp/df megaspores either a cell division was not initiated or development stopped after one division. They remained unior bi-nucleate (Ray et al. 1997) . Whether they represent the two kinds of dp/df spores is not mentioned by Ray et al. (1997) . The dp/df region in these spores must have had genes controlling cell division/development.
The two kinds of dp/df spores could not be distinguished on the male side in the T3-6 inter- rects the pollen tube into them. Control of pollen tube growth by the embryo sacs was first reported in avocado (Sedgley 1978) . In an interchange heterozygote of Arabidopsis thalliana the ovules with no embryo sac did not have a pollen tube (Ray et al. 1997) . Ray et al. (1997) concluded that the pollen tube is guided by the female gametophyte. The synergids are assumed to synthesise chemotropic substances (Went and Willemse 1986) . A calcium gradient formed by synergids has also been implicated in the chemotropic signal Reger 1990, Reger et al. 1992) . A considerable number of the normal looking embryo sacs in the desynaptic mutant and autotetraploid of pearl millet (aneuploid for different chromosomes) also failed to get fertilized when pollinated (Aswani Kumari 1981, Krishna Rao and Aswani Kumari 1981) . Thus the genetic elements governing the chemotropic function of the embryo sac may be distributed on several chromosomes. The dp/df embryo sacs that succeeded in fertilization did not achieve a normal rate of development. The triploid endosperm was the first to be affected, its nuclei have two sets of dp/df chromosomes. The embryo coped for a longer while; its nuclei have one set of dp/df chromosomes. Eventually both degenerated. Degeneration of the embryo during early stages of seed development has also been observed in some ovules in the desynaptic mutant and autotetraploid of pearl millet (Aswani Kumari 1981, Krishna Rao and Aswani Kumai 1980) . The early development of the embryo is believed to be directed by the gene activity in the egg (Raghavan and Sharma 1995) . Intense gene activity as evidenced by presence of labelled mRNA has been reported in the egg cell (Raghavan 1990 , Bimal et al. 1994 , Bimal and Willemse 1996 . Thus the chromosomally unbalanced egg could not sustain normal development of the zygote. At present there is little data available about the regulation of ovule and embryo sac development and the temporal and spatial patterns of gene expression in the embryo sac (Reiser and Fisher 1984) . For example the extent to which the genetic programmes overlap between the male and female gametophytes on one hand and between the female gametophyte and sporophyte on the other is not known. Also unknown is the time when actually the gametophyte specific genes are expressed during the development of the female gametophyte (Reiser and Fisher 1984) . The molecular genetic approaches required to address some of these questions could be done using this easy technique of isolation of embryo sacs and the cytogenetic mutants as the one described here.
